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(57)Abstract 

PROBLEM TO BE SOLVED: To reduce the number of 
elements while reducing self-current— comsumption 
caused when a transistor is driven by converting voltage 
amplitude performing on- off-control of a switching 
element at least in a first period. 
SOLUTION: In a first period, a driver DR1 makes a 
switching element Q1 an on-state in a L level by a 
control signal/ A. Also, a driver DR3 makes a switching 
element Q3 an on-state in a H level. Further, in this 
period, switching elements Q2, Q4 are made an off-state 
in a L level respectively. A control means outputs a 
control signal CL1 in accordance with magnitude of a 
load connected to an output And, for example, when a 
control signal CL1 is made a H level, a switching means 
SI switches connection of the driver DR1 and a second 
voltage power source line 32 to connection of the driver 
DR1 and an output line 34. Thereby, amplitude can be 
varied from a potential VSS of the second voltage power 
source line 32 to a potential -VM of the output line 34. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** snows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] A 1st charge-and-discharge means by which connect with the 1st period between the 1st 
electrical-potential-difference power-source line and the 2nd electrical -potential -difference 
power-source line, and a charge is charged at it, A 2nd charge-and-discharge means by which 
connect between said 2nd electrical-potential-difference power-source lines and output lines, and 
the charge from said 1st charge-and-discharge means is charged at the 2nd period after said 1st 
period, It is the charge pump circuit which generates output voltage through said output line from 
an implication and said 2nd charge-and-discharge means. The switching element which is 
connected between said 1st electrical-potential* difference power-source lines and said 1st 
charge-and-discharge means, will be in an ON state to said 1st period, and will be in an OFF state 
at said 2nd period, The charge pump circuit characterized by including an amplitude conversion 
means to change at least the voltage swing of the control signal which carries out on-off control of 
said switching element during said 1st period. 

[Claim 2] A 1st charge-and-discharge means by which connect with the 1st period between the 1st 
electrical-potential-difference power- source line and the 2nd electrical -potential -difference 
power-source line, and a charge is charged at it, A 2nd charge-and-discharge means by which 
connect between said 2nd electrical-potential-difference power-source lines and output lines, and 
the charge from said 1st charge-and-discharge means is charged at the 2nd period after said 1st 
period, It is the charge pump circuit which generates output voltage through said output line from 
an implication and said 2nd charge -and -discharge means. The switching element which is 
connected between said output lines and said 1st charge-and-discharge means, will be in an OFF 
state to said 1st period, and will be in an ON state at said 2nd period, The charge pump circuit 
characterized by including an amp litude- conversion means to change at least the voltage swing of 
the control signal which carries out on-off control of said switching element during said 2nd period. 
[Claim 3] the charge pump circuit characterized by having the means for switching which looks said 
amplitude-conversion means like [ connection between the driver element which carries out the 
on-off drive of said switching element with outputting said control signal said driver element, and 
said 2nd electrical-potential-difference power-source line, and connection with said driver element 
and said output line ], and is switched in claim 1. 

[Claim 4] the charge pump circuit characterized by having the means for switching which looks said 
amplitude -conversion means like [ connection between the driver element which carries out the 
on-off drive of said switching element with outputting said control signal said driver element, and 
said 2nd electrical-potential-difference power-source line, and connection between said driver 
element and said 1st electrical-potential-difference power-source line ], and is switched in claim 2. 
[Claim 5] The charge pump circuit characterized by having further the 2nd switching element 
which is connected between said 1st electrical-potential-difference power-source lines and said 1st 
charge-and-discharge means, will be in an ON state to said 1st period, and will be in an OFF state 
in claim 2 at said 2nd period, and the 2nd amp litude- conversion means which changes at least the 
voltage swing of the control signal which carries out on-off control of said 2nd switching element 
during said 1st period. 

[Claim 6] A 1st charge-and-discharge means by which connect with the 1st period between the 1st 
electrical-potential-difference power-source line and the 2nd electrical-potential-difference 
power-source line, and a charge is charged at it, Two or more 2nd charge-and-discharge means of 
each by which connect respectively between said 2nd electrical-potential-difference power souixe 
line and two or more output lines of each, and the charge from said 1st charge-and-discharge means 
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is charged at the 2nd period after said 1st period, It is the charge pump circuit which generates 
output voltage which is respectively different through two or more aforementioned output lines of 
each from an implication and two or more aforementioned 2nd charge-and-discharge means of each. 
The switching element which is connected between said 1st electrical-potential-difference 
power-source lines and said 1st charge-and-discharge means, will be in an ON state to said 1st 
period, and will be in an OFF state at said 2nd period, It has an amplitude -conversion means to 
change at least the voltage swing of the control signal which carries out on-off control of said 
switching element during said 1st period. Said amplitude -conversion means The driver element 
which carries out the on _ off drive of said switching element with outputting said control signal, the 
charge pump circuit characterized by having connection between said driver element and said 2nd 
electrical-potential-difference power-source line, said driver element and connection of either of two 
or more aforementioned output lines of each, and the means for switching boiled and switched. 
[Claim 7] A semiconductor device including a charge pump circuit according to claim 1 to 6. 
[Claim 8] The liquid crystal display with which the semiconductor device according to claim 7 and 
the liquid crystal panel were formed on the same substrate. 

[Claim 9] Electronic equipment containing a liquid crystal display according to claim 8. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the electronic equipment containing a charge 

pump circuit, a semiconductor device, a liquid crystal display, and it. 

[0002] 

Background Art and Problem(s) to be Solved by the Invention] Before, the charge pump circuit is 
used in many electronic equipment, for example, a power circuit, which needs various electrical 
potential differences for actuation, the semiconductor memory, the PLL mold 
frequency -multiplication circuit, etc. Especially a charge pump circuit, such as generating a 
non-adjusted reverse bias in a semiconductor memory, is used in many cases with a reversal output 
which becomes contrary to the polarity of the supply voltage about the polarity of the electrical 
potential difference generated from supply voltage. 

[0003] The outline of the charge pump circuit of a reversal output mold is shown in drawing 9 . It is 
the charge pump circuit's 300 forming supply voltage with each electrical potential difference of 
VDD and VSS in this drawing, charging a charge in the 1st period (timing A) at Capacitor Cp, and 
charging the charge of Capacitor Cp in the 2nd period (timing B) at Capacitor Cb, and is 
electrical-potential-difference-VM from an output line. It outputs and reversal output voltage is 
generated. 

[0004] And the above electrical -potential difference supplies are performed by driving each gate 
electrode of transistors Q301-Q304 by turns by the drivers DR301-DR304 in which it was prepared 
by the preceding paragraph of each transistors Q301-Q304 so that transistors Q301 and Q303 are 
made into an ON state, and transistors Q302 and Q304 are made into an OFF state to Timing A, 
and it will be in an ON state about transistors Q302 and Q304 and may be in an OFF state about 
transistors Q301 and Q303 to Timing B. A control signal / A and A / B and B are supplied to these 
drivers DR301-DR304, and the drive to the above timing is enabled. 

[0005] As an example of the charge pump circuit of the same configuration, it is indicated by 
JP,63-157667,A (the 2535173rd number of the Heisei 8 patent) etc., for example. Although the 
format which bundles up the on-off control action of each transistors Q401-Q404 in the charge 
pump circuit 400 by the phase control unit 402, and controls it is adopted in this example as shown 
in drawing 10 , the almost same actuation as the circuit of drawing 9 is performed theoretically. 
[0006] In the charge pump circuit of the above configurations, making inherent the circuitry of 
operating only the part, for example among two or more transistors, and not operating other parts 
from a viewpoint of low power-izing is tried. 

[0007] However, with such a configuration, even if any one transistor is in low-power mode which 
all other transistors always make an OFF state by the ON state, it will originate in the parasitic 
capacitance of each transistor, charge and discharge will be performed in connection with switching 
operation about each, and the unnecessary self-consumed electric current will generate in large 
quantities. 

[0008] Moreover, for every transistor, since a gate electrode needs to be driven, a control signal 
becomes a large number, the circuit where a controlling mechanism becomes complicated is also 
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complicated, and an element number also becomes huge. 

[0009] The place which is made as a technical problem and sets it as the purpose that this invention 
solves the trouble of the above-mentioned technique is to offer the charge pump circuit which can 
aim at reduction of an element number, a semiconductor device, a liquid crystal display, and the 
electronic equipment containing it, though the self-consumed electric current produced in case a 
transistor is driven is reduced. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the charge pump 
circuit concerning invention according to claim 1 A 1st charge-and-discharge means by which 
connect with the 1st period between the 1st electrical-potential-difference power-source line and the 
2nd electrical-potential-difference power-source line, and a charge is charged at it, A 2nd 
charge-and-discharge means by which connect between said 2nd electrical-potential-difference 
power - source lines and output lines, and the charge from said 1st charge _ and"discharge means is 
charged at the 2nd period after said 1st period, It is the charge pump circuit which generates output 
voltage through said output line from an implication and said 2nd charge and- discharge means. 
The switching element which is connected between said 1st electrical-potential-difference 
power-source lines and said 1st charge-and-discharge means, will be in an ON state to said 1st 
period, and will be in an OFF state at said 2nd period, It is characterized by including an 
amplitude-conversion means to change at least the voltage swing of the control signal which carries 
out on-off control of said switching element during said 1st period. 

[00 11] When the load connected to a charge pump circuit is small according to invention according 
to claim 1, power consumption can be reduced by making the amplitude small with an 
amplitude-conversion means. On the other hand, when the load connected to a charge pump circuit 
is large, on resistance of the switching element at the time of charge of the 1st charge-and-discharge 
means can be made small by enlarging the amplitude with an amplitude-conversion means. 
[0012] Here, in adopting circuitry, such as carrying out parallel connection of the switching element 
although it carries out adjustable [ of the output ], even if all other switching elements are OFF 
states as any one SUICHINGU component is an ON state, it will originate in the parasitic 
capacitance of each switching element, charge and discharge will be performed in connection with 
switching operation about each, and the unnecessary self-consumed electric current will generate in 
large quantities. 

[0013] On the other hand, in this claim, since adjustable [ of an output ] becomes possible by 
changing the amplitude with an amplitude-conversion means, while the above configurations also 
become unnecessary, making the self-consumed electric current small and being able to aim at 
reduction of the consumed electric current, reduction of an element number can also be aimed at. 
Thus, use of the suitable consumed electric current according to the size of a load can be performed 
by changing the voltage swing of a control signal with an amplitude -conversion means. 
[0014] The charge pump circuit concerning invention according to claim 2 A 1st 
charge-and-discharge means by which connect with the 1st period between the 1st 
electrical-potential-difference power-source line and the 2nd electrical-potential-difference 
power-source line, and a charge is charged at it, A 2nd charge-and-discharge means by which 
connect between said 2nd electrical -potential -difference power-source lines and output lines, and 
the charge from said 1st charge-and-discharge means is charged at the 2nd period after said 1st 
period, It is the charge pump circuit which generates output voltage through said output line from 
an implication and said 2nd charge-and-discharge means. The switching element which is 
connected between said output lines and said 1st charge-and-discharge means, will be in an OFF 
state to said 1st period, and will be in an ON state at said 2nd period, It is characterized by 
including an amplitude-conversion means to change at least the voltage swing of the control signal 
which carries out on-off control of said switching element during said 2nd period. 
[0015] Claim 1 defines the case where adjustable [ of the voltage swing of a control signal which 
makes a switching element turn on ] is carried out during the 1st period, when charging the 1st 
charge-and-discharge means and using the switching element made into an ON state. 
[0016] On the other hand, claim 2 defines the case where adjustable [ of the voltage swing of a 
control signal which makes other parts, i.e., the switching element connected to the output fine side, 
turn on ] is carried out during the 2nd [ after charging the 1st charge - and'discharge means ] period. 
Also in such invention according to claim 2, the same operation effectiveness as claim 1 can be done 
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so. 

[0017] the charge pump circuit concerning invention according to claim 3 is characterized by said 
amplitude-conversion means having the means for switching which looks said switching element 
like [ connection between the driver element which carries out an on-off drive, said driver element, 
and said 2nd electrical-potential-difference power-source line, and connection with said driver 
element and said output line ], and switches it with outputting said control signal in claim 1. 
[0018] according to invention according to claim 3, in the case of this switching element, it can carry 
out adjustable [ of the size of a voltage swing ] by it being alike and switching to the potential of the 
2nd electrical-potential-difference power-source line, and the potential of an output line by the 
means for switching. 

[0019] the charge pump circuit concerning invention according to claim 4 is characterized by said 
amplitude -conversion means having the means for switching which looks said switching element 
like [ connection between the driver element which carries out an on off drive, said driver element, 
and said 2nd electrical-potential-difference power-source line, and connection between said driver 
element and said 1st electrical-potential-difference power-source line ], and switches it with 
outputting said control signal in claim 2. 

[0020] according to invention according to claim 4, in the case of this switching element, it can carry 
out adjustable [ of the size of a voltage swing ] by it being alike and switching to the potential of the 
2nd electrical-potential- difference power- source line, and the potential of the 1st 
electrical-potential* difference power- source line by the means for switching. 

[0021] The charge pump circuit concerning invention according to claim 5 The 2nd switching 
element which is connected between said 1st electrical-potential-difference power-source lines and 
said 1st charge-and-discharge means, will be in an ON state to said 1st period, and will be in an 
OFF state in claim 2 at said 2nd period, It is characterized by having further the 2nd 
amplitude -conversion means which changes at least the voltage swing of the control signal which 
carries out on-off control of said 2nd switching element during said 1st period. 

[0022] When according to invention according to claim 5 in addition to the configuration of claim 2 
charging the 1st charge-and-discharge means and using the 2nd switching element made into an 
ON state, the case where adjustable [ of the voltage swing of a control signal which makes the 2nd 
switching element turn on ] is carried out with the 2nd amplitude -conversion means is defined 
during the 1st period. By this, about a switching element and each 2nd switching element, 
regardless of the 1st and 2nd period, adjustable [ of the amplitude ] becomes possible, and 
reduction-ization of the consumed electric current can be attained further. 

[0023] The charge pump circuit concerning invention according to claim 6 A 1st 
charge-and-discharge means by which connect with the 1st period between the 1st 
electrical -potential - difference power- source line and the 2nd electrical-potential- difference 
power-source line, and a charge is charged at it, Two or more 2nd charge -and discharge means of 
each by which connect respectively between said 2nd electrical-potential-difference power- source 
line and two or more output lines of each, and the charge from said 1st charge-and-discharge means 
is charged at the 2nd period after said 1st period, It is the charge pump circuit which generates 
output voltage which is respectively different through two or more aforementioned output lines of 
each from an implication and two or more aforementioned 2nd charge-and-discharge means of each. 
The switching element which is connected between said 1st electrical -potential -difference 
power-source lines and said 1st charge-and-discharge means, will be in an ON state to said 1st 
period, and will be in an OFF state at said 2nd period, It has an amplitude-conversion means to 
change at least the voltage swing of the control signal which carries out on-off control of said 
switching element during said 1st period. Said amplitude-conversion means it is characterized by 
having the means for switching which looks said switching element like [ connection between the 
driver element which carries out an on-off drive, said driver element, and said 2nd 
electrical-potential-difference power-source line, and said driver element and connection of either of 
two or more aforementioned output lines of each ], and switches it with outputting said control 
signal. 

[0024] According to invention according to claim 6, it is the case where two or more output lines are 
formed, and when using the switching element used as an ON state for the 1st period when the 1st 
charge and discharge means is charged, a voltage swing can carry out adjustable to the potential of 
the 2nd electrical-potential-difference power-source line, and two or more potentials of each of each 
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output line, and can respond to two or more voltage levels. 

[0025] Claim 7, claim 8, and claim 9 define a semiconductor device including an above-mentioned 
charge pump circuit, a liquid crystal display, and electronic equipment. Thereby, power 
consumption effectiveness is good and liquid crystal displays, the semiconductor device, for example, 
the semiconductor memory etc., of a low power etc., and electronic equipment can be offered. 
[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is 
explained concretely, referring to a drawing. 

[0027] <the gestalt of the 1st operation> (whole configuration) - in advance of the 
amplitude-conversion means which is the characteristic configuration of this invention, the whole 
charge pump circuit configuration is first explained with reference to drawing 1 - drawing 3 . 
Drawing 1 is the circuit diagram showing the basic configuration of a reversal output mold charge 
pump circuit. 

[0028] The 1st electrical-potential-difference power-source line 30 by which the charge pump circuit 
10 is connected to a power source, and the 1st electrical potential difference VDD is supplied, The 
2nd electrical-potential-difference power-source line 32 and reversal output voltage-VM to which 
the 2nd electrical potential difference VSS is supplied The output fine 34 outputted, The switching 
elements Ql and Q2 by which cascade connection was carried out between the 1st 
electrical-potential-difference power-source line 30 and the 2nd electrical-potential-difference 
power-source line 32, The switching elements Q3 and Q4 by which cascade connection was carried 
out between the 2nd electrical -potential -difference power- source line 32 and the output line 34, It is 
constituted including the capacitor Cp which is the 1st charge _ and-discharge means connected to 
switching elements Q2 and Q3 and juxtaposition, and the capacitor Cb which is the 2nd 
charge and discharge means connected to switching elements Q3 and Q4 and juxtaposition. 
[0029] In the 1st period (period Tl shown in drawing 2 ) when an ON state and switching elements 
Q2 and Q4 will be [ switching elements Ql and Q3 ] in an OFF state, since Capacitor Cp is 
connected by this between the 1st electrical -potential -difference power-source line 30 and the 2nd 
electrical-potential-difference power- source line 32, a charge is charged by Capacitor Cp by it. 
Moreover, it is reversal output voltage-VM from an output line 34 by charging the charge of 
Capacitor Cp at Capacitor Cb in the 2nd period (period T2 shown in drawing 2 ) when an OFF state 
and switching elements Q2 and Q4 will be [ switching elements Ql and Q3 ] in an ON state, since 
Capacitor Cb is connected between the 2nd electrical-potential-difference power-source line 32 and 
an output line 34. It is outputted. 

[0030] Capacitor Cp functions as a transfer capacitor and Capacitor Cb functions as an are 
recording capacitor. Moreover, the switching elements Q1Q4 which are switching means are 
formed in the MOS transistor which is an MOS capacitor,, a switching element Ql is formed in a 
detail with the PchMOS transistor which is the 1st conductivity type, and, as for switching 
elements Q2-Q4, it is more desirable [ the switching elements ] in it to form with the NchMOS 
transistor which is the 2nd conductivity type. 

[0031] For this reason, a switching element Ql is connected between the 1st 
electrical-potential-difference power-source line 30 and one electrode of Capacitor Cp, and the 1st 
period Tl will come to an ON state, and it will come in an OFF state at the 2nd period T2. A 
switching element Q3 is connected between the 2nd electrical-potential-difference power- source line 
32 and the electrode of another side of Capacitor Cp, and the 1st period Tl will come to an ON state, 
and it will come in an OFF state at the 2nd period T2. A switching element Q2 is connected between 
the 2nd electrical-potential-difference power-source line 32 and a switching element Ql, and the 1st 
period Tl will come to an OFF state, and it will come in an ON state during the 2nd period T2. A 
switching element Q4 is connected between an output line 34 and a switching element Q3, and at 
least, the 1st period Tl will come to an OFF state, and it will come in an ON state during the 2nd 
period T2. In addition, the parasitic capacitance of switching elements Q1-Q4 does not restrict that 
it is equal, but there is least consumed electric current, capacity is small, and it is desirable to 
choose combination to which the on resistance of an output becomes small. 

[0032] (amplitude-conversion means) Next, the amplitude-conversion means which is the 
characteristic configuration of this invention is explained using drawing 1 . That is, the charge 
pump circuit 10 is constituted including the 1st amplitude -conversion means 22 which changes the 
voltage swing of the control signal/A which carries out on-off control of the switching element Ql 
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during the 1st period (period Tl shown in drawing 2 ), and the 2nd amplitude-conversion means 24 
which changes the voltage swing of the control signal B which carries out on*off control of the 
switching element Q2 during the 2nd period (period T2 shown in drawing 2 ). The 
amplitude-conversion means 20 consists of this 1st amplitude -conversion means 22 and the 2nd 
amplitude -conversion means 24. In addition, although constituted from this example in this way, an 
amplitude-conversion means may consist of either the 1st amplitude-conversion means 22 and the 
2nd amplitude-conversion means 24. Furthermore, the drivers DR2 and DR4 which are the driver 
elements which drive switching elements Q2 and Q4 respectively based on a control signal B are 
constituted by the charge pump circuit 10. 

[0033] The 1st amplitude -conversion means 22 has the driver DR1 which is the driver element 
which carries out the on-off drive of the switching element Ql based on a control signal/A, and the 
means for switching SI connected to this driver DR1. Based on a control signal CL 1, this means for 
switching SI is switching a driver DRl, connection of the 2nd electrical -potential- difference 
power-source line 32, and a driver DRl and connection of an output line 34, and carries out 
adjustable [ of the amplitude ] to the potential of the 2nd electrical-potential-difference 
power-source line 32, and the potential of an output line 34. 

[0034] The 2nd amplitude-conversion means 24 has means-for-switching S4 connected to the driver 
DR4 which is the driver element which carries out the on-off drive of the switching element Q4 
based on a control signal B, and this driver DR4. Based on a control signal CL 2, this 
means-for-switching S4 is switching a driver DR4, connection of the 1st 
electrical- potential- difference power-source line 30, and a driver DR4 and connection of the 2nd 
electrical potential-difference power-source line 32, and carries out adjustable [ of the amplitude ] to 
the potential of the 1st electrical -potential- difference power-source line 30, and the potential of the 
2nd electrical-potential-difference power-source line 32. 

[0035] In addition, the control means (although not illustrated in drawing 1 , shown in 
below-mentioned drawing 7 as a sign 112) which generates each above-mentioned control signal 12, 
and controls turning on and off of each switching elements Q1-Q4 and a change-over of means for 
switching SI and S2 is prepared in the external circuit connected to the exterior of the charge pump 
circuit 10. [ A, A, B, CL1, and CL2 ] This control means excites all of the gate electrode of switching 
elements Q1-Q4 through drivers DR1-DR4. Therefore, when it constitutes as an 
amplitude-conversion means 20, it is good also as a configuration containing the part which outputs 
a control signal 12 among this control means. [A, A, B, CL1, and CL2 ] 
[0036] Drivers DR1-DR4 have adopted the same configuration. 

[0037] Moreover, drivers 1-DR 4 constitute the inverter as shown in drawing 3 , resemble the 
transistors Tr21 and Tr22 of the preceding paragraph into which a control signal is inputted, and 
the latter transistors Tr23 and Tr24, and are constituted more. 

[0038] (Actuation of a charge pump circuit) Next, actuation of the charge pump circuit 10 including 
the amplitude-conversion means 20 of the above configurations is explained, referring to the timing 
chart of drawing 2 . 

[0039] At the 1st period Tl, a driver DRl makes a switching element Ql an ON state on L level by 
the control signal/A. Moreover, a driver DR3 makes a switching element Q3 an ON state on H level 
with a control signal A. In addition, switching elements Q2 and Q4 are OFF states on L level 
respectively during this period. Therefore, a charge will be charged by Capacitor Cp during this 
period. 

[0040] Here, it can change into the amplitude as shown by the dotted line of drawing 2 by the means 
for switching Si about a control signal/A. That is, according to the magnitude of the load connected 
to the output, a control means outputs a control signal CL 1. And if a control signal CL 1 is set to H 
level, it will switch a means for switching Si to connection of the 2nd electrical -potential difference 
power-source line 32 to a driver DRl, the driver DRl, and connection of an output line 34, for 
example. Thereby, it is potential VM of an output line 34 from the potential VSS of the 2nd 
electrical-potential-difference power-source line 32. It can carry out adjustable [ of the amplitude ]. 
[0041] Thereby, when the load connected to the charge pump circuit 10 is small, power consumption 
can be reduced by making the amplitude small with the 1st amplitude-conversion means 22. On the 
other hand, when the load connected to the charge pump circuit 10 is large, on resistance of the 
switching element Ql at the time of charge of Capacitor Cp can be made small by enlarging the 
amplitude with the 1st amplitude-conversion means 22. 
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[0042] Here, the case where circuitry as shown in drawing 4 is adopted although it carries out 
adjustable [ of the output ] can be considered. Drawing 4 is the circuit diagram showing the example 
of a comparison of a charge pump circuit. 

[0043] In this drawing, the charge pump circuit 40 consists of carrying out parallel connection of 
switching elements Q101, Q102, and Q103 and .... so that it may perform adjustable [ of output 
resistance ]. It is all other switching elements Q101 that any one SUICHINGU component Q102 is 
an ON state in this charge pump circuit 40. Even if Q103 and .... are OFF states, it will originate in 
each switching elements Q101, Q102, and Q103 and the parasitic capacitance of charge and 
discharge will be performed in connection with switching operation about each, and the 
unnecessary self-consumed electric current will generate in large quantities. 

[0044] On the other hand, in this example, since adjustable [ of an output ] becomes possible by 
changing the amplitude with the 1st amplitude -conversion means 22 as shown in drawing 1 , while 
the above configurations also become unnecessary, making the self- consumed electric current small 
and being able to aim at reduction of the consumed electric current, reduction of an element number 
can also be aimed at. Thus, use of the suitable consumed electric current according to the size of a 
load can be performed by changing the voltage swing of a control signal/A with the 1st 
amplitude "conversion means 22. 

[0045] Next, a driver DR1 makes a switching element Ql an OFF state on H level by the control 
signal/A, and the 2nd period T2 is formed. 

[0046] At this 2nd period T2, drivers DR2 and DR4 make an ON state respectively switching 
elements Q2 and Q4 on H level with a control signal B. Thereby, the charge of Capacitor Cp is 
charged at Capacitor Cb, and it is reversal output voltage VM. It is generable. 

[0047] Here, it can change into the amplitude as shown by the dotted line of drawing 2 by 
means-for-switching S4 about a control signal B. That is, according to the magnitude of the load 
connected to the output, a control means outputs a control signal CL 2. And if a control signal CL 2 
is set to H level, it will switch a means for switching S2 to connection of the 2nd 
electrical-potential-difference power-source line 32 to a driver DR4, the driver DR4, and connection 
of the 1st electrical-potential-difference power* source line 30, for example. More nearly thereby 
than the potential VSS of the 2nd electrical-potential- difference power-source line 32, it can carry 
out adjustable [ of the amplitude ] to the potential VDD of the 1st electrical-potential- difference 
power - source line 30. 

[0048] Thereby, when the load connected to the charge pump circuit 10 is small, power consumption 
can be reduced by making the amplitude small with the 2nd amplitude -conversion means 24. On 
the other hand, when the load connected to the charge pump circuit 10 is large, on resistance of the 
switching element Q4 at the time of charge of Capacitor Cb can be made small by enlarging the 
amplitude with the 2nd amplitude -conversion means 24. 

[0049] Therefore, since adjustable [ of an output ] becomes possible by changing the amplitude with 
the 2nd amplitude -conversion means 24, while the unnecessary charge and discharge to a drain are 
also lost, making the self-consumed electric current small and being able to aim at reduction of the 
consumed electric current, reduction of an element number can also be aimed at. Thus, use of the 
suitable consumed electric current according to the size of a load can be performed by changing the 
voltage swing of a control signal B with the 2nd amplitude -conversion means 24. while making it 
operate to the same timing as a fundamental charge pump circuit by this ** switching elements Ql 
and Q4 *- about each, regardless of the 1st and 2nd period, adjustable [ of the amplitude ] becomes 
possible, and reduction- ization of the consumed electric current can be attained further. 
[0050] Furthermore, drivers DR2 and DR4 make an OFF state respectively switching elements Q2 
and Q4 on L level with a control signal B. 

[0051] Thus, the above electrical-potential-difference supplies are performed by driving each gate 
electrode of switching elements Ql*Q4 by turns by the drivers DR1-DR4 in which it was prepared 
by the preceding paragraph of each transistors Q1-Q4. 

[0052] <The gestalt of the 2nd operation>, next the gestalt of operation of the 2nd of the charge 
pump circuit concerning this invention are explained using drawing 5 and drawing 6 . In addition, 
the detailed explanation is omitted about the same configuration as the gestalt of implementation 
of the above 1st. The gestalt of this 2nd operation shows the case where two or more steps of charge 
pump circuits are formed so that an output line may serve as plurality. 

[0053] In the charge pump circuit 70 of this example, as shown in drawing 5 , in the preceding 



-7- 



JP2000-330085A 



paragraph, cascade connection of the switching elements Qll, Q12, Q13, and Q14 is carried out 
between the 1st potential power-source line 90 and an output line 94, and cascade connection of the 
switching elements Q21, Q22, Q23, and Q24 is carried out between the 1st potential power-source 
line 90 and the output line 96 in the latter part. 

[0054] In addition, switching elements Qll and Q21 are formed with a PchMOS transistor, and 
forming with a NchMOS transistor is [ switching elements Q12, Q13, Q14, Q22, Q23 and Q24 ] 
desirable. 

[0055] and the 1- by which the charge pump circuit 70 was connected to the gate terminal of each 
switching elements Qll, Q14, Q21, Q22, Q23, and Q24 - it is constituted including the 6th 
amplitude-conversion means 80-85. In addition, although the driver DR2 of the gestalt of 
implementation of the above 1st and the driver which is a driver element same type are connected 
to the gate electrode of switching elements Q12 and Q13, illustration is omitted in drawing 5 . 
[0056] The amplitude -conversion means 80 and 81 of the 1st and 2 have the drivers DR11 and DR21 
which are the driver elements which carry out the on-off drive of the switching elements Qll and 
Q21 based on a control signal /12, and the means for switching Sll and S21 connected to these 
drivers DR11 and DR21. [ A11/A12 ] These means for switching Sll and S21 are based on control 
signals CL11 and CL21. Drivers DRll and DR21 and connection of the 2nd 
electrical-potential difference power-source line 92, They are the potential VSS of the 2nd 
electrical-potential-difference power-source line 92, and potential-VM of an output line 94 by 
switching drivers DRll and DR21, connection of an output line 94, and drivers DRll and DR21 and 
connection of an output line 96. It carries out adjustable [ of the amplitude ] to potential- V2M of an 
output line 96. 

[0057] The 3-5th amplitude -conversion means 82-84 have the drivers DR14, DR22, and DR23 which 
are the driver elements which carry out the on -off drive of the switching elements Q14, Q22, and 
Q23 based on control signals B14, B22, and A23, and the means for switching S14, S22, and S23 
connected to these drivers DR14, DR22, and DR23. These means for switching S14, S22, and S23 
are based on control signals CL14, CL22, and CL23. Drivers DR14, DR22, and DR23 and connection 
of the 2nd electrical-potential* difference power-source line 92, (Drivers DR14, DR22, and DR23) By 
switching connection of the 1st electrical-potential - difference power- source line 90, it carries out 
adjustable [ of the amplitude ] to the potential VDD of the 1st electrical-potential-difference 
power-source line 90, and the potential of the potential VSS of the 2nd 
electrical-potential-difference power-source line 92. 

[0058] The 6th amplitude -conversion means 85 has the driver DR24 which is the driver element 
which carries out the on off drive of the switching element Q24 based on a control signal B24, and 
the means for switching S24 connected to this driver DR24. Based on a control signal CL 24, this 
means for switching S24 is switching a driver DR24, connection of the 1st 
electrical-potential difference power-source line 90, a driver DR24 and connection of the 2nd 
electrical-potential-difference power-source line 92, and a driver DR24 and connection of an output 
line 94, and is the potential VDD of the 1st electrical-potential-difference power-source line 90, the 
potential VSS of the 2nd electrical-potential-difference power-source line 92, and potential-VM of an 
output line 94. It carries out adjustable [ of the amplitude ]. 

[0059] Next, actuation of the charge pump circuit 70 of the above configurations is explained, 
referring to the timing chart of drawing 6 . 

[0060] At the 1st period Tl, a driver DRll makes a switching element Qll an ON state on L level by 
the control signal / All. 

[0061] Here, it can change into the amplitude as shown by the dotted line of drawing 6 by the means 
for switching Sll about a control signal / All. That is, according to the magnitude of the load 
connected to the output, a control means outputs a control signal CL 11. And if a control signal CL 
11 is set to H level, it will switch a means for switching Sll to connection of connection of the 2nd 
electrical-potential difference power-source line 92 to a driver DRll, the driver DRll, and an 
output line 94, or a driver DRll and connection of an output line 96, for example. Thereby, it is 
potential-VM of an output line 94 from the potential VSS of the 2nd electrical-potential-difference 
power-source line 92. Or potential* V2M of an output line 96 It can carry out adjustable [ of the 
amplitude ]. 

[0062] Moreover, it can change into the amplitude as shown by the dotted line of drawing 6 by the 
means for switching S14 about a control signal B14. That is, according to the magnitude of the load 
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connected to the output, a control means outputs a control signal CL 14. And if a control signal CL 
14 is set to H level, it will switch a means for switching S14 to connection of the 2nd 
electrical-potential-difference power-source line 92 to a driver DR14, the driver DR14, and 
connection of the 1st electrical-potential-difference power-source line 90, for example. More nearly 
thereby than the potential VSS of the 2nd electrical - potential -difference power-source line 92, it can 
carry out adjustable [ of the amplitude ] to the potential VDD of the 1st 
electrical-potential-difference power-source line 90. In addition, actuation almost same about other 
amplitude-conversion means is performed. 

[0063] As mentioned above, according to the gestalt of the 2nd operation, it is the case where two or 
more output lines are formed, and when using the switching element used as an ON state for the 
1st period when a capacitor is charged, a voltage swing can carry out adjustable to the potential of 
the 2nd electrical -potential -difference power-source line, and two or more potentials of each of each 
output line, and can respond to two or more voltage levels. 

[0064] <The gestalt of the 3rd opera tion>, next the gestalt of operation of the electronic equipment 
containing the liquid crystal display using an above-mentioned charge pump circuit are explained 
using drawing 7 . 

[0065] The liquid crystal display 100 including the charge pump circuit of the above-mentioned 
gestalt of the 1st - the 3rd operation contains a power circuit 102, and the liquid crystal display 
panel 130, the X driver 132 which carries out the display drive of this liquid crystal display panel 
130 and the Y driver 134. In addition, it is constituted including the circuit where the sources of a 
display information output, display information processing circuits, clock generation circuits, etc. 
are various. 

[0066] The source of a display information output is constituted including the tuning circuit which 
aligns and outputs memory, such as ROM and RAM, and a TV signal, and outputs display 
information, such as a video signal, based on the clock from a clock generation circuit. A display 
information processing circuit processes and outputs display information based on the clock from a 
clock generation circuit. This display information processing circuit can include for example, 
magnification and a polarity -reversals circuit, a phase expansion circuit, a rotation circuit, a 
gamma correction circuit, or a clamping circuit. 

[0067] It is constituted including the charge pump 110 which comes to form two or more steps of 
unit charge pump circuits by either of the above-mentioned gestalten of the 1st * the 3rd operation, 
or its combination in a power circuit 102, the control means 112 which generates various kinds of 
control signals mentioned above, and controls the charge pump 110, and the other circuits 120. In 
this example, although this charge pump 110 is formed as an IC of one chip, the power circuit 102 
whole may be formed as an IC. 

[0068] And as a configuration of a control means 112, a counter 114 and decoder 116 grade are 
mentioned. Here, since a charge pump operates with the control signal of the control means 112 the 
outside of the charge pump itself, a change-over of the switch mentioned above in the charge pump 
can also be used for it as a change-over signal of a switch using this control signal. 
[0069] And it carries out as [ take / a change-over of an indicative data, and the signal of the 
capacity change-over to a power circuit 102 to coincidence ]. 

[0070] In addition, only lower 1/3 does not need to display only an icon in fact, and it is not 
necessary to all take out a picture to full in many cases, and if the current needed when driving 
liquid crystal display panel 130 all, for example is set to 100, in the liquid crystal display of this 
example, it is good only by driving 20 30 in this case, and low-power-ization can be attained. 
[0071] Furthermore, the drive IC embedding the charge pump which comes to form two or more 
steps of unit charge pump circuits by either of the above-mentioned gestalten of the 1st - the 3rd 
operation or its combination in X above-mentioned drivers 132 each and the Y driver 134 may be 
formed. 

[0072] Moreover, what is necessary is to require a high electrical potential difference by the Y driver 
134 side in many cases, to supply the power source of 3V and 5V grade to a power circuit 102 from 
the source of supply for systems, and to supply the power source of +15V and -15V grade to Y driver, 
and just to form in the X driver 132 from a power circuit 102, so that the power source of 5V, 2.5V, 
0V, -2.5V, and *5V grade may be supplied. 

[0073] As electronic equipment containing the liquid crystal display of such a configuration, remote 
control of the video tape recorder of the personal computer (PC) of multimedia correspondence for 
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example, a cellular phone, a word processor, television, a viewfinder mold, or a monitor direct 
viewing type, an electronic notebook, an electronic calculator, car navigation equipment, a wrist 
watch, a clock, a POS terminal, equipment equipped with the touch panel, a pager, a minidisc 
player, an IC card, and various electronic equipment, various measuring machine machines, etc. 
can be mentioned. 

[0074] Moreover, if it says in the active-matrix liquid crystal display panel using the one terminal 
pair network switching element represented with the 3 terminal switching element or MIM 
represented with the simple matrix liquid crystal display panel which does not use a switching 
element for the panel itself, a static drive liquid crystal display panel, and TFT if it says by the 
drive method, and an electro -op tics property, the liquid crystal panel of various types, such as TN 
mold, a STN mold, a guest host mold, a phase transition mold, and a strong dielectric mold, can be 
used for a liquid crystal display panel. 

[0075] Although the case where a LCD display was used as a liquid crystal display panel was 
explained, in this invention, it is not limited to this, for example, various displays, such as 
electroluminescence, a plasma display, and the FED (Field Emission Display) panel, can be used. 
[0076] <Gestalt of the 4th operation> drawing 8 shows the example of the electronic equipment 
containing the semiconductor device which applied the above-mentioned charge pump circuit to the 
power circuit where it connects with booster circuits, such as a semiconductor memory, for example, 
EEPROM etc. 

[0077] The semiconductor device shown in drawing 8 has the semiconductor memory 212 which 
functions as memory, and CPU210 which manages that control, and the following various circuits 
besides a semiconductor memory 212 are connected to the bus line of this CPU210. RAM214 stores 
data temporarily and an oscillator 216 outputs a reference clock etc. The I/O circuit 218 outputs and 
inputs data and a control signal, and a power circuit 220 supplies power required for each part. In 
this case, it is desirable to form in a power circuit the charge pump which arranged the unit charge 
pump circuit to multistage, and a regulator. Thereby, the semiconductor device in which a 
lowbattery drive is possible can be offered. 

[0078] The example same also as electronic equipment containing such a semiconductor device as 
the case of the above-mentioned liquid crystal display can be given. 

[0079] In addition, although the equipment and the approach concerning this invention have been 
explained according to the gestalt of some of the specific operation, various deformation is possible 
for this contractor to the gestalt of operation described in the text of this invention, without 
deviating from the main point and range of this invention. For example, you may be the charge 
pump circuit which combined either or all of a gestalt of the 1st operation. [ of gestalten - the 2nd 
operation ] Especially the part that forms an amp litude -conversion means etc. among four 
switching elements indicated in the gestalt of the gestalt of the 1st operation - the 3rd operation 
may be formed in which component in each. Furthermore, in case the charge pump in which two or 
more steps of unit charge pump circuits of the gestalt of the gestalt of the 1st operation - the 2nd 
operation were formed forms the configuration combined using respectively each unit charge pump 
circuit of the gestalt of the gestalt of the 1st operation - the 2nd operation two or more, the number 
does not have a question. 

[0080] moreover ** although the example by the combination of a PchMOS transistor and NchMOS 
tolan SUSUTA was shown as a switching element used for a charge pump circuit - as a switching 
element — all - a PchMOS transistor or all may consist of NchMOS tolan SUSUTA. Moreover, as 
a switching element, not only an MOS transistor but various kinds of transistors, switches, etc. may 
be used. 

[0081] Furthermore, a charge pump circuit may be applied not only to the example applied to the 
power circuit but to a PLL mold frequency -multiplication circuit etc. 
[Brief Description of the Drawings] 

[Drawing l] It is the circuit diagram showing an example of the gestalt of operation of the charge 
pump circuit concerning this invention. 

[Drawing 2] It is the timing chart which shows actuation of the charge pump circuit of drawing 1 . 
[Drawing 3] It is the circuit diagram showing the detail of the driver element which drives the 
switching element Q2 of the charge pump circuit of drawing 1 . 

[Drawing 4] It is the circuit diagram showing the example of a comparison of a charge pump circuit. 
[Drawing 5] It is the circuit diagram showing an example of the gestalt of other operations of the 
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charge pump circuit concerning this invention. 

[Drawing 6] It is the timing chart which shows actuation of the charge pump circuit of drawing 5 . 
[Drawing 7] It is the block diagram showing the liquid crystal display using the charge pump circuit 
of this invention. 

[Drawing 8] It is the block diagram of the electronic equipment by which a semiconductor device 
including the charge pump circuit of this invention is used. 

[Drawing 9] It is the block diagram showing the outline of the conventional charge pump circuit. 
[Drawing 10] It is the block diagram showing the configuration of the conventional charge pump 
circuit. 

[Description of Notations] 

10 70 Charge pump circuit 

20 Amplitude-Conversion Means 

22 80 1st amplitude-conversion means 

24 2nd Amplitude - Conversion Means 

30 90 1st electrical-potential-difference power-source line 

32 92 2nd electrical-potential-difference power- source line 

34, 94, 96 Output line 

100 Liquid Crystal Display 

102 Power Circuit 

110 Charge Pump 

130 Liquid Crystal Display Panel 

200 Semiconductor Device 

Ql, Q2, Q3, Q4, Qll, Q12, Q13, Q14, Q21, Q22, Q23, Q24 Switching element 
Cp, Cb Capacitor 

DR1, DR2, DR3, DR4, DR11, DR12, DR13, DR14, DR21, DR22, DR23, DR24 Driver element (driver) 
SI, S4, Sll, S14, S21, S22, S23, S24 Means for switching 



